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We derive a standard Lorentz code (SLC) of motion by exploring rigid double transformations 
of, so-called, master space-induced supersymmetry (MS-SUSY), subject to certain rules. The renor- 
malizable and actually finite flat-space field theories with Nmax = 4 supersymmetries in four dimen- 
sions, if only such symmetries are fundamental to nature, yield the possible extension of Lorentz 
code (ELC), at which the SLC violating new physics appears. In the framework of local MS-SUSY, 
■ we address the inertial effects. We argue that a space-time deformation of MS is the origin of inertia 

' - _| ' effects that can be observed by us. We go beyond the hypothesis of locality. This allows to improve 

, the relevant geometrical structures referred to the noninertial frame in Minkowski space for an arbi- 

^ ^ ■ trary velocities and characteristic acceleration lengths. This framework furnishes justification for the 

' introduction of the weak principle of equivalence, i.e., the universality of free fall. The implications 
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of the inertia effects in the more general post-Riemannian geometry are briefly discussed. 
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I I. INTRODUCTION 

c ■ 

^T). The principle of inertia, whose origin can be traced back to the works developed by Galileo fl| and Newton [2j , is one 
^ of the fundamental principles of the classical mechanics. This governs the uniform motion of a body and describes how 
Q I it is affected by applied forces. The universality of gravitation and inertia attribute to the geometry but as having a 
different natures. However, despite the advocated success of general relativity (GR), the problem of inertia stood open 
and that this is still an unknown exciting problem to be challenged. The inertia effects cannot be in full generality 
identified with gravity within GR as it was proposed by Einstein in 1918 [s^, because there are many experimental 
CIh' controversies to question the validity of such a description, for details see e.g. [4] and references therein. The model 
discussed in the latter illustrates the problems of inertia effects, but it also hints at a possible solution. We will not be 
concerned with the actual details of this model here, but only use it as a backdrop to explore first the SLC in a new 
^ ' perspective of rigid double transformations of, so-called, master space-induced supersymmetry (MS-SUSY), subject 
to certain rules. The theories with extended Nmax — 4 supersymmetries, namely = 4 super- Yang-Mills theories, if 
OO only such symmetries are fundamental to nature, lead to the model of ELC in case of the apparent violations of SLC, 
the possible manifestations of which arise in a similar way in all particle sectors. We show that in the ELC-framework 
the propagation of the superluminal particle could be consistent with causality, and give a justification of forbiddance 
. of Vavilov-Cherenkov radiation/or analog processes in vacuum. However, we must be careful about the physical 
■ relevance of the standard theory of extended supersymmetry which does not allow for chiral fermions, and that its 
' spectrum in no way resembles that of the observed in nature [l^. Consequently, in the framework of local MS-SUSY, 
" . l • we address the accelerated motion, while, unlike gravitation, a curvature of space-time now arises entirely due to the 
^ I inertial properties of the Lorentz-rotated frame of interest, i.e. a fictitious gravitation which can be globally removed 
by appropriate coordinate transformations. The only source of graviton and gravitino, therefore, is the acceleration 
of a particle. This paper is organized as follows. In the next section, we explain our idea of what is the MS. In 
. section 3, we give a hard look at MS. The MS-SUSY is dealt with in section 4. In section 5, the complementary 
approach is developed where the SLC and ELC are derived. More about the accelerated motion is said in section 
6, this time in the presence of the local MS-SUSY. In section 7 we briefly discuss the inertia effects. We go then 
beyond the hypothesis of locality in subsections A-C. We compute the improved metric and other relevant geometrical 
structures in noninertial system of arbitrary accelerating and rotating observer in Minkowski space-time. The case 
of semi-Riemann background space V4 is studied in subsection D, whereas we give justification for the introduction 
of the weak principle of equivalence (WPE) on the theoretical basis, which establishes the independence of free-fall 
trajectories of the internal composition and structure of bodies. The implications of the inertial effects in the more 
general post-Riemannian geometry are briefly discussed in subsection E. The concluding remarks are presented in 
section 8. We will be brief and often ruthlessly suppress the indices without notice. Unless otherwise stated we take 
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natural units, h = c = 1. 



II. PRELIMINARIES: A FIRST GLANCE AT MS 



With regard now to our original question as to the understanding of the physical processes that underly the motion, 
we tackle the problem in the framework of quantum field theory. Let us consider functional integrals for a quantum- 
mechanical system with one degree of freedom. Denote by x{t) the position operator in the Heisenberg picture, and 
by \x,t > its eigenstates. The probability amplitude that a particle which was at x at time t will be at point x' at 
time t' , also called the Schwinger transformation function for these points, is F{x't';xt) —< x't' \xt >. For a particle 
moving through the two infinitesimally closed points of original space, this in somehow or other implies the elementary 
act consisting of the annihilation of a particle at the point x and time t and, subsequently, its creation at the point x' 
and time t' . The particle can move with different velocities which indicates to existence of the intermediate, so-called, 
motion state. Then the annihilation of a particle at point x and time t can intuitively be understood as the transition 
from the initial state \x,t > to the intermediate motion state, \x,t >, yet unknown, where x{t) represent atomic 
element of idealized motion point event. Meanwhile, the creation of a particle at infinitesimally closed final point x' 
and time t' means the subsequent transition from the intermediate motion state, |a;, t >, to the final state, \x' ,t' >. 
So, the Schwinger transformation function for two infinitesimally closed points is written in terms of annihilation and 
creation processes of a particle as 



It should be emphasized that since we do not understand the phenomenon of motion, then here it must suffice to 
expect that the state functions \x,t > and \x,t > are quite different. Therefore, the intermediate motion state, \x,t >, 
can be defined on say motion space, M, the points x{t) of which are all the motion atomic elements, {x(t) G M ). To 
express Schwinger transformation function, F, as a path integral, we divide the finite time interval into n + 1 intervals: 
t = ioi ^ii ■ • ■ : in+i = t'; tk = to + ke, where e can be made arbitrarily small by increasing n. In the limit n — > oo, by 
virtue of (H]), -F becomes an operational definition of the path integral. Hence, in general, in addition to background 
4D Minkowski space M4, also a background motion space M, or say master space, MS (= M) is required. So, we 
now conceive of the two different spaces M4 and MS, where the geometry of MS is a new physical entity, with degrees 
of freedom and a dynamics of its own. The above example ([T]) imposes a constraint upon MS that it was embedded 
in M4 as an indispensable individual companion to the particle, without relation to the other matter. In going into 
practical details, we further adopt the model discussed recently in reference which illustrates the problems of 
inertia effects, but it also hints at a possible solution. In accord, MS is not measurable directly, but it was argued 
that a deformation (also see @) of MS is the origin of inertia effects that can be observed by us. In general case of 3D 
motion in M4, following [3], a flat MS is the 2D Minkowski space M_2 (see next section). In deriving the final step, 
we should compare and contrast the particle states of quantum fields defined on the background spaces M4 and Mt. 
forming a basis in the Hilbert space. It is quite clear that the following properties, being the essence of the chain of 
transformations ^ for the finite time interval, hold: 

1. There should be a particular way of going from each point Xi^i{ti^i) £ M4 to the intermediate motion point 
Xi-i{ti_i) S M2 and back Xi{ti) S AI^, such that the net result of each atomic double transformations is as if we had 
operated with a space-time translation on the original space M4. So, the symmetry we are looking for must mix the 
particle quantum states during the motion in order to reproduce the central relationship between the two successive 
transformations of this symmetry and the generators of space-time translations. Namely, the subsequent operation of 
two finite transformations will induce a translation in space and time of the states on which they operate. 

2. These successive transformations induce in M4 the inhomogeneous Lorentz group, or Poincare group, and that 
a unitary linear transformation \x,t >— ^ U(A, a)\x,t > on vectors in the physical Hilbert space. 

Thus, the underlying algebraic structure of this symmetry generators closes with the algebra of translations on 
the original space M4 in a way that it can then be summarized as a non-trivial extension of the Poincare group 
algebra, including t he g enerators of translations. The only symmetry possessing such properties is the supersymmetry 
(SUSY), see e.g. [y]-[23[, which is accepted as a legitimate feature of nature, although it has never been experimentally 
observed. Certainly we now need to modify the standard theory to have MS-SUSY, involving a superspace which is 
an enlargement of a direct sum of background spaces M4 © M2 by the inclusion of additional fermion coordinates. 
Thereby an attempt will be made to treat the uniform motion of a particle as a complex process of the global (or 
rigid) MS-SUSY double transformations. Namely a particle undergoes to an infinite number of successive transitions 
from M4 to M_2 '"^'^ back going permanently through fermion-boson transformations, which can be interpreted as its 
creation and annihilation processes occurring in M4 or Mj. We derive the Lorentz code of motion in terms of spinors 
referred to MS. This allows to introduce the physical finite time interval between two events, as integer number of 
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the duration time of atomic double transition of a particle from M4 and back. While all the particles are living on 
M4, their superpartners can be viewed as living on Af o- 



III. A HARD LOOK AT MS 

Following [3], we assume that a flat MS is the 2D Minkowski space: 

M^^Rl^^(SRl_y (2) 

The ingredient ID-space R^^ is spanned by the coordinates 77—. The following notational conventions are used 
throughout this paper: all magnitudes related to the space M_2 will be underlined. In particular, the underlined 
lower case Latin letters m,n, ... — (±) denote the world indices related to Mj. The metric in M2 is 

5 = 5(e^,eJ#^®J9^ (3) 

where d_— = dij— is the infinitesimal displacement. The basis at the point of interest in M2 is consisted of the 
two real null vectors: 

5(e™, e„)=<e„, e„ >=*o„„, (*o™„) = ^ ^ ^ ^ . (4) 

The norm, id = dfj, given in the basis (|H) reads id^ed_— e„ ® where id is the tautological tensor field of type 
(1,1), e is a shorthand for the collection of the 2-tuplet (e(^), £(_■)), and 2^ = ( ~^{-) j • equivalently use a 

temporal E and a spatial E R^ variables q^{q'^, q^){r = 0, 1), such that 

M2 = i?i©ri. (5) 
The norm, id, now can be rewritten in terms of displacement, dq^ , as 

id = dq^eo® dq^ + ei (g) dq^ , (6) 
where eo and ei are, respectively, the temporal and spatial basis vectors: 

^0 = 71 (^(+) + H-)) ' ^1 = 71 (^(+) ~ ^(-)) ' 
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The M 2-companion is smoothly (injective and continuous) embedded in the Af4. Suppose the position of the particle 
in the background M^^ space is specified by the coordinates x™(s) (m = 0, 1, 2, 3)(a;° = t) with respect to the axes of 
the inertial system S'(4) . Then, a smooth map / : M_2 — > M4 is defined to be an immersion - an embedding which 
is a function that is a homeomorphism onto its image: 

qO = ^^(^,^i+)+^i-))^t, = = (8) 

To motivate why is the MS two dimensional, we note that only two dimensional constructions of real null vectors (O 
are allowed as the basis at given point in MS, which can be embedded in the (3-|-l)-dimensional spacetime. This 
theory is mathematically somewhat similar to the more recent membrane theory, so the M_2 can be viewed as 2D 
space living on the 4D world sheet. Given the inertial frame S'(4) in M4, we may define the corresponding inertial 
frame S'(2) used by the non-accelerated observer for the position q^ of a free particle in flat M_2- Thereby the time 
axes of the two systems S'(2) and S4 coincide in direction and that the time coordinates are taken the same, q'^ = t. 
For the case at hand. 

So the particle may be viewed as moving simultaneously in M4 and M^2- Hence, given the inertial frames '5'(4), 5'(4), 
S'f^^y... in M4, in this manner we may define the corresponding inertial frames S'(2), 'S'(2)j ^(2)'--- -^2- Suppose the 
elements of the Hilbert space can be generated by the action of field-valued operators (j){x) {x{x)i ^{x)) {x G M4), 
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where x(^) is the Weyl fermion and A{x) is the complex scalar bosonic field defined on M4, and accordingly, of 
field-valued operators 0(77) {x{v)j Aiv)) iv € Mt), where xiv) is the Weyl fermion and A{r]) is the complex scalar 
bosonic field defined on M 2, on a translationally invariant vacuum: 

|a; >= 0(x)|O >, \xi,X2 >= (f>{xi)(f>{x2)\0 > referring to M4, , , 

jry >= 0(?7)|O >, |ryi, ?72 >= 0(?7i)0(?y2)|O > referring to Mj, ^ 

etc. The displacement of the field takes the form 

+ X2) = e'^'^P"^ 0(xi) e-""^'™, ^(^1 + rj2) = e^''^-^'- g-^^s-^'iiL, (11) 

where = Z(9.,„ is the generator of translations on quantum fields (t>{x), and = is the generator of translations 
on quantum fields = (j){t, q^). According to the embedding map dS]), the relation between the fields (j){x) and 0(77) 

can be given by the a proper orthochronous Lorentz transformation. For a field of spin-5', the general transformation 
law reads 

= Mj M^) = exp (-ir™5,„„)/ <f>^{x) = exp (^~i0 ■ S - iC ■ k) ^ M^)^ (12) 

where 9 is the rotation angle about an axis n {9 = 9n), and C, is the boost vector C, = e^-tan/i~^ /3, provided = v/\v\, 
P = \v\/c, 9' = (l/2)e*J'= 9k k = l,2, 3), and = 6*'° = -9"\ The antisymmetric tensor Smn = Sum, satisfying 
the commutation relations of the SL{2.C), is the (finite-dimensional) irreducible matrix representations of the Lie 
algebra of the Lorentz group, and a and /3 label the components of the matrix representation space, the dimension 
of which is related to the spin S"* = (l/2)e'-''' Sk of the particle. The spin S generates three-dimensional rotations 
in space and the = 5°' generate the Lorentz-boosts. The fields of spin-zero {S = K = 0) scalar field A{x) and 
spin-one A"'{x), corresponding to the (1/2.1/2) representation, transform under a general Lorentz transformation as 

A{r])^A{x), spin 0; A™(?7) = A"J, A"(x), spin 1, (13) 

where the Lorentz transformation is written as 

A™ (M) = i Tr (a,„Ma„Mt) , (14) 

provided, cr™ = (/2,(t), d are Pauli spin matrices. A two-component (1/2,0) Weyl fermion xpi^) transforms under 
Lorentz transformation, in accord to embedding map (|8]), as 

Xp{x) xjv) = iMR)^Pxpix), «,/? = !, 2 (15) 

where the rotation matrix is given as 

Mr = e'^'^^^^e'i''^'^^ (16) 

The matrix Mn corresponds to the rotation of an hcrmitian 2x2 matrix p"'an' 

p™a„ = Mflp"a„M^, (17) 

by the angles ^3 and 92 about the axes and 712, respectively, where the standard momentum is = 
m{ch(i, shf3 sin. 92 cos 93, s/i/3 sin6'2 sin 6*3, shf3cos92), and is p™ = m{ch/3, 0, 0, s/i/3). According to ([15]), a two- 
component (0, 1/2) Weyl spinor field is denoted by x'^lx), and transforms as 

xH^) X"{v)^{M^')^''^xH^), «,/3=l,2 (18) 

where we have used (AI^)^^ — {M*)J^ . The so-called 'dotted' indices have been introduced to distinguish the (0, 1/2) 
representation from the (1/2,0) representation. The bar over the spinor is a convention that this is the (0,1/2)- 
representation. The infinitesimal Lorentz transformation matrices for the (1/2,0) and (0, 1/2) representations, 

M~/2 - f^^-a- iC-tj, for(i,0); {M-^^ h - ■ a + ■ a, for (0, i) (19) 

give 5™" — cr™" for the (1/2,0) representation and 5*™" = ct™" for the (0,1/2) representation, where the bilinear 
covariants that transform as a Lorentz second-rank tensor read 

(fT"")/^i«^a""^-<^a'""^), (a™")". ^|(a™«"a^^-a"""a^.), (20) 
provided CT™ EE (/2; -(?), (cr™*)^^ = aj^'^ and (ct™*)"/5 = a™''". 
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IV. MS-SUSY 



As alluded to above, a creation of a particle in M2 means its transition from M4 to M21 while an annihilation 
of a particle in M2 means vice versa. The same interpretation holds for the creation and annihilation processes in 
A/4. Since all fermionic and bosonic states, taken together, form a basis in the Hilbert space, the basis vectors in the 
Hilbert space, therefore, can be written in the form jn^j, > or \nb, Uj >, where the boson and fermion occupation 
numbers are rib or n^^ (= 0, 1, 00) and n/ or n y (= 0, 1). So, we may construct the quantum operators, (q^, q^) and 
(q, q), which replace bosons by fermions and fcrmions by bosons, respectively, 

q''\]lb:nf> — > \nb-l,nf + l>, q\nb, rif > — > + 1, Uf - 1 >, (21) 

and that 

q^ \nb, nf> — y \nb — 1, riy + 1 >, q \nb, nf> — > \nb + I, nj — I > . (22) 

This framework combines bosonic and fermionic states on the same footing, rotating them into each other under the 
action of operators q and q. Consider two pairs of creation and annihilation operators {b\ b) and (/^, /) for bosons 

and fermions, respectively, referred to the background space M4, as well as {b\ b) and {f\ f) for bosons and fermions, 
respectively, related to the background master space Mj. Putting two operators in one B = {b or b) and F — [f or 
/), the canonical quantization rules can be written most elegantly as 

[B, i?t] = l; {F, Ft} = l; [B,B] = [B\B^ = {F,F} = 

{Ft, Ft} = [B, F] = [B, Ft] = [St, F] = [fit, = 0, ^ ^ 

where we note that dijS^{p — jf) and Sijd^{pq ^Pq) ^-re the unit element 1 of the convolution product *, and according 
to embedding map ^ we have Pq = ±|pj and p'q = ilp*!- The operators q and q can be constructed as 

q^=q^hf\ q^qo,b^f, ^ ^ q^b , q = qob^l- (24) 

So, we may refer the action of the supercharge operators q and qt to the background space M4, having applied in the 
chain of following transformations of fermion x (accompanied with the auxiliary field F as it will be seen later on) to 
boson A, defined on M^: 

> X^^^ -^A^ X^P) -^A^ x(^) ^ ••• (25) 

Respectively, we may refer the action of the supercharge operators q and qt to the Mj, having applied in the chain of 
following transformations of fermion x (accompanied with the auxiliary field F) to boson A^ defined on the background 
space M4: 

y ^{JD ^ x^E-) A^ x^-' ■■■ (26) 

Written in one notation, Q = {q or q), the operators (p4|) become 

Q = qo B^F = {q or q), = go BF^ - (qt or gt). (27) 

Due to nilpotcnt fermionic operators F^ = (Ft)^ = 0, the operators Q and Qf also are nilpotent: = (Qt)^ — q 
Hence, the quantum system can be described in one notation by the selfadjoint Hamiltonian T-l = {Hq = {q^ , q} or 
Hq = {q\ q}), and that the generators Q and Qt satisfy an algebra of anticommutation and commutation relations: 

n - {gt, Q} > 0; [n, q] - [n, gtj ^ o. (28) 

This is a sum of Hamiltonian of bosonic and fermionic noninteracting oscillators, which decouples, for Q ^ q, into 

Hq = qi ik^b + /t/) = ^2 (5t5 + 1 ) + q2 ^l)^Hb + Hf, (29) 

or, for Q = q, into 

Hq = ql {b^b + /t/) = g2 (6t6 + 1 ) + q2 (jt^ -l)^Hb + Hf, (30) 
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with the corresponding energies: 

Eg = qi{n, + ^) + qUnf-^), = 9^ K + 5) + (li/ - 5)- (31) 

This formalism manifests its practical and technical virtue in the proposed algebra (|28p . which becomes more clear 
in a normalization qq = ^ym: 

{gt,Q} = 2m; {Q, Q} ^ {Q^ , = 0. (32) 

The latter has underlying algebraic structure of the superalgebra for massive one-particle states in the rest frame of 
N = 1 SUSY theory without central charges, see e.g. [a|-[23|. This is rather technical topic, and it requires care to do 
correctly. In what follows we only give a brief sketch. The extension of the MS-SUSY superalgebra ([5^ in general 
case when p = id in M4 or pq = idg ^ in Mj, and assuming that the resulting motion of a particle in M4 
is governed by the Lorentz symmetries, the MS-SUSY algebra can then be summarized as a non-trivial extension 
of the Poincare group algebra thus of the commutation relations of the bosonic generators of four momenta and six 
Lorentz generators referred to M4. Moreover, if there are several spinor generators with i = 1, N - theory with 
A'^— extended supersymmetry, can be written as a graded Lie algebra (GLA) of SUSY field theories, with commuting 
and anticommuting generators: 

0' J = 2<5^J- a™ pm; [p™, Q„i = [Pn^, Q\] = 0, 

Here a^^^ = {l/2){a° ± a^), and in order to trace a maximal resemblance in outward appearance to the standard 
SUSY theories, we set one notation rh = {m if Q = g, or to if Q = g), no sum over ?fi, and as before the indices 
a and a go over 1 and 2. So for both supercharges, q and g, we get a supersymmetric models, respectively: 

{9a , 9^ d } = 2(5^ a™^ p„ ; [p,„ , = , 9^ ^] = 0, 

W, V} = {«^d,9%} = 0; K,p„]=0. ^^^^ 

and 

{la^ to} = 2(5'J af^ Prn;, [Prn, g^] - [Pm, q\] = 0, 



{9^' £/} = {fd, = 0; [Prn, = 0. 



(35) 



For the self-contained arguments, we should emphasize the crucial differences between the MS-induced SUSY and the 
standard theories as follows: 

1) The standard theory can be realized only as a spontaneously broken symmetry since the experiments do not show 
elementary particles to be accompanied by superpartners with different spin but identical mass. The MS-SUSY, in 
contrary, can only be realized as an unbroken supersymmetry. 

2) In the standard theory, the Q's operate on the fields defined on the single M4 space. It is why the result of a 
Lorentz transformation in M4 followed by a supersymmetry transformation is different from that when the order of 



the transformations is reversed [12|. But, in the MS-SUSY theory, the Q's ([Tf)) ) operate on the fields defined 

on both M4 and M_2 spaces, fulfilling a transition of a particle between these spaces (M4 ^ M_ 2). So after a Lorentz 
transformation in M4 followed by a supersymmetry transformation (which, as we shall see below, now results to 
uniform motion of a particle with initial constant velocity) we have a particle moving with changed constant velocity. 
We obtain the same result if we reverse the order of the transformations, namely a Lorentz transformation changes 
the initial velocity and a supersymmetry transformation followed by a Lorentz transformation just keep the uniform 
motion with the changed velocity. 

We shall forbear to write out further the unitary representations of supersymmetry, giving rise to the notion of 
supermultiplets, as they are so well known. Also, unless otherwise stated we will not discuss the theories with TV > 1, 
because it is unlikely that they play any role in low-energy physics. 



A. Wess-Zumino model 



To obtain a feeling for this model we may consider first example of non-trivial linear representation of the MS-SUSY 
algebra in analogy of the Wess-Zumino toy model j23|, which has N = 1 and sq = 0, and contains two spin states of a 
massive Majorana spinor 'il'{x, x) ^-^d two complex scalar fields A{A, A) and auxiliary fields J-{F, F_), which provide 
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in supersymmetry theory the fermionic and bosonic degrees of freedom to be equal. This model is instructive because 
it contains the essential elements of the MS-induced SUSY. Let us first introduce four additional, anticommuting 
(Grassmann) parameters e"(C", and e"(^", ^ ): 

{e", e^} = {£-«, e-^} = {e", e^} = 0, {e", Q^} = • • • = [p™, e"] = 0, (36) 
which allow to write the algebra (1331) {N = 1) in terms of commutators only: 

[eQ, Qe] = 2efT™epA, [eQ, eQ] = [Qe, Qe] = eQ] = Qe] - 0. (37) 

Here we have dropped the indices eQ — e'^Qa and eQ — CqQ". The infinitesimal supersymmetry transformations for 
Q = q read 

= iiq + ^q) ^x = i^Fia'^ld^A + ^iP, (38) 
kF = {iq + Iq) X ^ = iV2^>"9™x; 

and for Q ~ q are in the form 

S^A^{^q + lq)^A^V2ix, 

SiX={iq + lq)y<x^iV2a^ldrj,A + V2iF, (39) 
SlF = iiq + lq)xF^iV2la^drnX. 

where according to (fT3| A — A. The first relation in (pS)) means that there should be a particular way of going 
from one subspace (bosonic/fermionic) to the other and back, such that the net result is as if we had operator of 
translation pm on the original subspace. Actually, it can be checked that the supersymmetry transformations close 
supersymmetry algebra: 

[S,,, 6,,]A = -2i{eia^e2 - eaa^ei)^™^, (40) 

and likewise for ip and In the framework of MS-SUSY theory, the Wess-Zumino model has the following La- 
grangians: 

CQ=q ^ Cf) + mC„i, CQ=q=£„ + mC^, (41) 

provided, 

Cq = idmX^"^x + A*QA + F*F, £,„ ^AF + A*F*-^xx~ \xx. 
^o = «<9™F"^ + ^*n^ + £^*^' L,n^AF^A*F:-\xx-\xx, 

where according to the embedding map ([HI), □ = □ and A = A. Whereupon, the equations of motion for the Weyl 
spinor ijj and complex scalar A of the same mass m, are 

ZCT™ 9„i X + mx = 0, ZCT— (}mX + "^X = 0, 

F + mA* =0, or F + mA* = 0, . . 

nA + mF*^0, QA + mF* =0. ^ ' 

(a) (b) 

By virtue of (1251) and (|26p . respectively, (a) stands for Q = g (referring to the motion of a fermion, Xj in M4) and 
(b) stands for Q = g (so, of a boson. A, in M4). Finally, the algebraic auxiliary field can be eliminated to find 

CQ^g = j5™x^"x -h(xx + XX) + A*QA - m^A*A, 



B. General superfields 

In the framework of standard generalization of the coset construction [l^-jl^l, we will take G = Gq x Gq to be the 
supergroup generated by the MS-SUSY algebra ([55]). Let the stability group H = Hq x Hq he the Lorentz group (as 
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to M4 and M_2), and we choose to keep all of G unbroken. Given G and H, we can construct the coset, G/H, by an 
equivalence relation on the elements of G: ft ^ flh, where fl — flq x Q,q £ G and h = hq x hq G H, so that the 
coset can be pictured as a section of a fiber bundle with total space, G, and fiber, H. So, the Maurer-Cartan form, 
il~^dil, is valued in the Lie algebra of G, and transforms as follows under a rigid G transformation, 

n — > gnh-\ n-^dn — > h{n-^dn)h-^ - dhh-\ (45) 

with g £ G. Also we consider a superspace which is an enlargement of M4 © M2 (spanned by the coordinates 
X™ = {x™, rj—) by the inclusion of additional fermion coordinates — {9°', 9_") and Qa — {Oa, E.a)y to {q, q), 
respectively. But note that the relation between the two spinors 6 and 9 should be derived further from the embedding 
map ([5]) (see next section). These spinors satisfy the following relations: 

{9", 8^ = {6^, e^} - {9", e^} = 0, 

and Q"* = 8". Points in superspace are then identified by the generalized coordinates z^^ = {X™, 8", Qa)- In case 
at hand we have then 

n{X, 8, 8) = e^(-^'^p.5.+e°Q=+6'<iQ°) = 9, 9) x flqirj, 9, 9), (47) 

where we now imply a summation over m, etc., such that 

nq{x, 9, 9) = e*(-"'>'"+»°9-+«"'^9°), r!,(?7, 9, ff) = e'(-'^P^+^°«.+^°5'^). (48) 
Supersymmetry transformation will be defined as a translation in superspace, specified by the group element 

5(0, 6, 6) = eK^°Q.+^-=Q") = 3,(0, X 5,(0, t |) = e'(«°«"+«°^-°) x e'^r^^+Ll"), (49) 



with corresponding anticommuting parameters e = (^ or ^). To study the effect of supersymmetry transformations (j45p 
and h = 1, we consider 

g(0, e, e) n{X, 8, 8) = e'(^°0"+^"°'5°) e'(-^>^+e°Q=+e)<.0°). (50) 

The multiplication of two successive transformations can be computed with the help of the Baker-Campbell-Hausdorf 
formula e^e^ = g^+B+(i/2)[A, B]+--- ^ Hence the transformation (l50l) induces the motion 



g(0, e, e)n{X'^, 8, 8) — > (X* + i 8 ct™ e - i e ct™ 8, 8 + e, e + e), (51) 

namely, 

3,(0, e") 0, 9) ^ (.X" + i 9 f - » e ^, ^ + e, + 0, 

3,(0, ^, 1) 17,(77, ^, I) ^ (,yiii + z^a^|-ze^Hii, ^ + ^,1 + 1). ^^^^ 

The superfield $(z*^), which has a finite number of terms in its expansion in terms of 8 and 8 owing to their 
anticommuting property, can be considered as the generator of the various components of the supermultiplets. We 
will consider only a scalar superfield $'(2:*^ ) = $(z*^), an infinitesimal supersymmetry transformation of which is 
given as 

5, $(z*0 = (e"Qa + EdQ") X $(z*'0- (53) 
Acting on this space of functions, the Q and Q can be represented as differential operators: 

Qo = al^ - ^a™ . 8-a™, Q^^^^-^Q-a\.eP^^^, (54) 

where, as usual, the undotted/dotted spinor indices can be raised and lowered with a two dimensional undotted/dottcd 
e— tensors, and the anticommuting derivatives obey the relations 

af^e^^-^f, ^QPQ-^^SiQ-'-SlQ^ (55) 

and similarly for 8. In order to write the exterior product in terms of differential operators, one induces a new basis 
as 

e\z) = dZ^U^f{z), (56) 
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and that 

DA = e/{z)^, (57) 
where to be brief we left implicit the symbol A in writing of exterior product. The covariant derivative operators 

Dra^drh, D ^ ^ ^ + iaZo^O" , D'' ^ g§- + iQ^a'^^E^'^drH, (58) 

anticommute with the Q and Q 

{Qa, Dp} = {g^, Df,} = {Qa, Dp] = {Qd, Dp} - 0, (59) 
and satisfy the following structure relations: 

{D^, D^} = ~2i<jZad^r, {Dc., Dp} = {Dc,, 5^} = 0. (60) 



From (l58l). we obtain 



M = e " = ia" ^6" e^^ = Sit e„ . = 




aa 



(61) 



where a = (a or a), a = 0, 1, 2, 3; a = (+), (— ). The supersymmetry transformations of the component fields can 
be found using the differential operators (|58|) . The covariant constraint 



Da<P{z^')=0, (62) 

which does not impose equations of motion on the component fields, defines the chiral superfield, Under the 
supersymmetry transformation (j51[) the chiral field transforms as follows: 



= i^q + e?) X $ = A{r)) + V29d^xix) + 90S^F{x) + ■■■ (63) 

in case oi Q — q, and 

= + ^(2;) + ^S.hx{v) + MSi F(r,) + ■■■ (64) 



in case of Q = q, where as before A{x) — Aiv): ^-^d the supersymmetry transformations are decoupled to ((38|) 
and (15^1) . Equations and (IMl) show that the chiral superfield contains the same component fields as the 
Wess-Zumino model for MS-SUSY theory. The supervolume integrals of products of superfields constructed in the 
superspace (a;™, 0, 9) will lead to the supersymmetric kinetic energy for the Wess-Zumino model 

j d'^xd'^e^^'^, (65) 

where the superspace Lagrangian reads 

$t$ = A* A + • • • + ee9e[\A* uA + \ua* a - \drnA* 

F*F + ^d^x^^'x - 5XfT™9„,x], ^ ' 

where \Z\A = □ A and dmA^ d—A = dmA* d™A. Similarly, the supersymmetric kinetic energy for the Wess-Zumino 
model constructed in the superspace (?/— , £, ff) for MS-SUSY theory is 

where the superspace Lagrangian is written down 

$t $ ^ AM + • ■ • + e6ee[\A*uA + \uA*A - \d„,A* 9'"^+ 



K* F+^^,nX^^X-hX&^-^rnX]■ 



m 



To complete the model, we also need superspace expressions for the masses and couplings, which can be easily found 
in analogy of the standard theory, namely: 1) fermion masses and Yukawa couplings, {d'^P/dA^)ipil!; and 2) the scalar 
potential, V{A, A*) = \d'P/dA\'^; where V = (1/2) -I- (1/3) A<1>^ is the most general renormalizable interaction 
for a single chiral superfield. Thereby, the auxiliary field equation of motion reads J- * + (dV/dA) = 0. Similarly, we 
can treat the vector superfields, etc. Here we shall forbear to write them out as the standard theory is so well known. 
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V. UNACCELERATED UNIFORM MOTION; A FOUNDATION OF SR 

Let impose peculiar constraints upon the anticomniuting spinors ^) and 

r=*^r, L--^^,h. i'^-^^r^ e.--*^^"., (69) 

and write down the infinitesimal displacement arisen in M 2 as 

Ar]^ = v^T^da^l~§^a'-^e, (70) 

where the parameter t (— r*) can physically be interpreted as the duration time of atomic double transition of a 
particle from M4 to M2 a-nd back. So, 

v<^+\^i{9,l^^^^9,), v^-\^i{g^l^-^^i^), (71) 

and that 

^2^2 ^ „(+)^(-)^2 ^ -{e,l^-^^hm^l^-^^e^) = 4e,e,e,9^ > o. (72) 

Hance 

= 72^1^1 > 0, = n/2 02^2 > 0. (73) 

According to embedding map ([8]), therefore, we may introduce the velocity of light (c) in vacuum as maximum 
attainable velocity for uniform motions of all the particles in the Minkowski background space, M4: 

c = -i=(i;(+) + i;(-)) = V2(^ili +02 ^2) = V2^| = consi, 

t;, = -1= («(+)-«(-)) = V2 (^1^1 -02 ^2) = il^'l = const, |ir|<c. 

The spinors 9(9, ^) and ^{9, ^) satisfy the embedding map ([8]), namely = and Ag^ = (Aa?)^, so from ((52)) 
we have 

9a°l~^a^9 = 9a°^~^<7°9, {9cj^l-^<jH)'^ = {9a^-^a9)\ (75) 
By virtue of ((69|) . the (|75)) reduces to 

Oi9j^+9^9^= 09 = 99, 9j^9i-9r^9^ = ±^{-9099)^^^ ^±^09, (76) 

where we use the following relations: 

{0a''' 9)(9a'^ 0) = ^9099r)""^, {-9000^'^ = {9099)^'^ = 610. (77) 

So, 

0101 = i(l± ^1)00, ^2^2 = i(liF ^1)610. (78) 

Hence we conclude that the unaccelerated uniform motion of a particle in M4 is encoded in the spinors 9 and referred 
to the master space M_2, which is an individual companion to the particle of interest. Therefore, to account for the most 
important two postulates constituting a foundation of SR, it would be necessary further to impose certain constraints 
upon the constant Lorcntz spinors 0. Lorentz invariance is a fundamental symmetry and refers to measurements of 
ideal inertial observers that move uniformly forever on rectilinear timelike worldlines. In view of relativity of velocity 
of a particle, we are of course not limited to any particular spinor 9_{v), but can choose at will any other spinors 0'(f '), 
9!!Jv"), ■ ■ ■ relating respectively to velocities v',v", . . . , whose functional dependence (transformational law) on the 
original spinor 9{v) is known. Of the various possible transformations, we must consider for a validity of SR only 
those which obey the following constraints: 

1. 61 = 0' 0' = 0" 0" = ••• = -£= = const; , ^ 

^ (79) 



2. 0lCi^2C2=^'lC'/2C2 = 
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According to first relation, we may introduce a notion of time, for the all inertial frames of reference S, S', S",..., we 

have then standard Lorentz code (SLC)-relations: x° — ct, x° — ct' , = ci", This is a second postulate 

of SR (Einstein's postulate) that the velocity of light (c) in free space appears the same to all observers regardless 
the relative motion of the source of light and the observer. By virtue of second relation and equations (j69p . we may 
derive the invariant interval between the two events defined in Minkowski spacetime: 

c^At^ - Ax 2 = A.s2 = 8^'i e'l^'a At'^ = c^At'^ - Ax'^ = As'^ ^ . . . ^ tnv, 

where we introduce the physical finite time interval, At — kr, between two events as integer number of the duration 
time, T, of atomic double transition of a particle from M4 to and back, where k is the number of double 
transformations. Hence, an unaccelerated uniform motion, for example, of spin-0 particle in M4 can be described by 
the chiral superfield $(f]™, 9_, 9_), while a similar motion of spin- 1/2 particle in M4 can be described by the chiral 
superfield $(a;™, 9, 6), etc. So, we may refer to all constant Lorentz spinors obeying ([75]) as the SLC-spinors, which 
constitute a foundation of SR. Hence, in view of the MS-SUSY mechanism of motion, the uniform motion of a particle 
in M4 is encoded in the spinors 9 and 9, which refer to M^2- This will call for a complete reconsideration of our ideas 
of Lorentz motion code, to be now referred to as the individual code of a particle, defined as its intrinsic property. 



A. Extended supersymmetry and ELC 



In four dimensions, it is possible to have as many as eight supersymmetries: N„iax = 4 for renormalizable flat-space 
field theories; N,nax = 8 for consistent theories of supergravity. It has been shown that the N = 4 theory is not only 
renormalizable but actually finite. So, the theories with N > 1 may play a key role in high-energy physics. These 
models explore in ([501 more than one distinct copy of the supersymmetry generators, Qai, therefore, this perspective 
ultimately requires to relax the Einstein's postulate, because it is natural now to circumvent the limitations to any 
particular spinor 9_, instead, considering i{= 1, . . . , 4)-th {Nmax = 4) copy of the spinors 0"* = (6'"* or ^"*). Therefore, 
we now have a straightforward generalization of (|79p : 



1. ff^O' = i' 9_" = ff^" 9_"' = • • • = = const; (no sum over i), 

2. e\ c\9!, c; = r'l C\i"2 r'2 = • • • = ^nv. ^^^^ 

This observation allows us to lay forth the extension of Lorentz code, at which SLC violating new physics appears. 
We may now consider the particles of i{= 1, . . . ,4)-th type {Nmax — 4). That is to say, ttie i-th type particle in free 
Minkowski space carries an individual Lorentz motion code with its own maximum attainable velocity Ci, i.e., its own 
velocity of 'light-like ' state: 



c, = -^{v'l"^ +v\ ^) ^ V2i9^i9^, + e2i92,) = V29,9^ = const, (no sum over i) 



V2 



1 (J+) J-) 



Vl = V2{9^dl^-S.2^i2) = ±l^^.| = COnst, \v,\ < C^ 



(82) 



A general solution to the Lorentz covariance in the theory can be easily accommodated if the 'time' at which event 
occurs is extended by allowing an extra dependence on 'different type' readings ti referred to the particles of different 
type. They satisfy for all inertial frames of reference S, S', S",..., so-called 'ELC-relations': 

X — C^tl ■ ■ • C^ti • ■ • ; 

xO' = cit[ = • • • = c,t', = . . . , (83) 



where Ci = c is the speed of light in vacuum, and Ci > ci, (i = 2,3,4) are speeds of the additional 'light-like' states, 
higher than that of light. The clock reading ti can be used for the i— th type particle, the velocity of which reads 
Vi — x/ti — Cixjx^, so P ~ vi/ci = . . .Vi/ci = ■ ■ ■ = v/c = x/x^. If Vi = Ci then vi = ci, and the proper time of 
'light-like' states are described by the null vectors ds\ — . . . dsf — ■ ■ ■ =0. The extended Lorentz transformation 
equations for given i-th and j-th type clock readings can be written then in the form 

x'^-f{x-vt), t'^ ^ -f^it^ - ^x), y'^v, z' = z, 7= 1/^1-/3". (84) 

Hence, like the standard SR theory, regardless the type of clock, a metre stick traveling with system S measures 
shorter in the same ratio, when the simultaneous positions of its ends are observed in the other system S': dx' = dx/^. 
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Furthermore, a time interval dti specified by the i— th type readings, which occur at the same point in system S 
{dx = 0), will be specified with the j— th type readings of system S' as dt'j = j{ci/cj)dti. Here we have called 
attention to the fact that the mere composition of velocities which are not themselves greater than that of Ci will 
never lead to a speed that is greater than that of Ci . Inevitably in the ELC-framework a specific task is arisen then 
to distinguish the type of particles. This evidently cannot be done when the velocity ranges of different type particles 
intersect. To reconcile this situation, we note that, according to (|83|). we may freely interchange the types of particles 
in the intersection. Therefore, we adopt following convention. With no loss of generality, we may re-arrange a general 
solution that the particles with velocities vi < ci, regardless their type, will be treated as the 1-th type particles 
and, thus, a common clock reading for them and light will be set as ti. This part of a formalism is completely 
equivalent to the SLC-framework. Successively, the particles, other than 'light-like' ones, with velocities in the range 
Ci-i ^ Vi < Ci, regardless their type, will be treated as the i-th type particles and, thus, a common clock reading for 
them and 'light-like' state (i) will be set as ti. The invariant momentum 

p1 = Pt^^P': = (f )' - Pf = "^o^cf =pI= P^iPt = (f )' - p1 = (85) 

introduces a modified dispersion relation for i— th type particle: 

El = pf cf + ml^ct = pf cf -f mgicf cf , (86) 

where the mass of i— th type particle has the value moi, when at rest, the positive energy is 

El = ruicf = 7moiC^ = jmoiCiCi, (87) 

and Pi = rriiVi = "fmoiHi is the momentum. The relation (j87|) modifies the well-known Einsteins equation that energy 
E always has immediately associated with it a positive mass rui = "fmoi, when moving with the velocity Vi. Having 
set this theoretical background, one may find some consequences for the superluminal propagation of particles. In 
particular, in the ELC-framework of uniform motion, the time elapsing between the cause tiA and its effect tiB as 
measured for the j— th type superluminal particle is 

At, = t,B-UA^^^^, (88) 

where xa and xb are the coordinates of the two points A and B. In another system S', which is chosen as before and 
has the arbitrary velocity V = Vj with respect to S, the time elapsing between cause and effect would be 

^i' = ^^At, > 0, (89) 



where according to (|8ip . tiB = {cj/ci)tjB and tiA ~ {(^j /(^i)tjA- That is, the ELC-framework recovers the causality 
for a superluminal propagation, so the starting of the superluminal impulse at A and the resulting phenomenon at B 
are being connected by the relation of cause and effect in arbitrary inertial frames. Furthermore, in this framework, 
we may give a justification of forbiddance of Vavilov-Cherenkov radiation/or analog processes in vacuum. Thereby, 
in this framework wc have to set, for example, ki = (^,fci) for the 1-th type 71 photon, provided ki — efc^, and 

P2 = (-^,^2) for the 2-nd type superluminal particle. Then the process (^2 ^ ^2+71) becomes kinematically permitted 
if and only if 

fciP2 = tf (l-^^fel)-O' (90) 

which yields uj = because of ^1 — efc^^ 7^ 0. This evades constraints due to VC-like processes since the superluminal 

particle Vfj,2 does not actually travel faster than the speed C2 . Finally, in ELC-framework we discuss the VC-radiation 
of the charged superluminal particle propagating in vacuum with a constant speed V2 > c\ higher than that of 
light. Recall that, for a charged particle (e 7^ 0) moving in a transparent, isotropic and non-magnetic medium with 
a constant velocity higher than velocity of light in this medium the VC radiation is allowed. The energy loss per 
frequency is [3l| 

dF = -dc.^E-(^-;^)/f, (91) 

where the direction of the velocity v is chosen to be a;— direction: kx = kcos9 = ui/v, k = nuj/c is the wave number 
n = ^/s is the real refractive index, e is the permittivity. The summation is over terms with w — ±|w|, and a variable 

C^g^-c^M^-^) (92) 
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is introduced, provided q = yky + k^. The integrand in (1911) is strongly peaked near the singular point — 0, for 

which q^ + k^ = k^. Using standard technique, the formula ((9T|) can be easily further transformed to be applicable 
in ELC-framework for the charged superluminal particle of 2-nd type propagating in vacuum (i.e. if e = 1) with a 
constant speed V2 higher than that of light (ci < W2 < C2): 

dF = -du;^j:^{j,-j,)jf, (93) 

and, respectively, ([^ becomes 

C = ??--^(^-^), (94) 



where qi = \Jky^ + k^^, q\ + fc^^ = kf = oj'^ / c\, and now kxiV2 = w. We have then 

C = ^ (^;p|^-l)^0, (95) 

because of V2 < C2, and that the integral ((93|) is zero, since the integrand has no poles. Hence, as expected, the 
VC-radiation of a charged superluminal particle as it propagates in vacuum is forbidden. 



VI. ACCELERATED MOTION AND LOCAL MS-SUSY 



In case of an accelerated (a = |a| 7^ 0) motion of a particle in M4, according to (|5^ . we have then 

72 {^-'^ ~ ^-^^) = l^ = « = ^(^-^)-;^ («^"' - . = (96) 

So, we may relax the condition 8,%^ = and promote this symmetry to a local supersymmetry in which the parameter 
e = e(X™) depends explicitly on X™. Such a local SUSY can already be read off from the algebra (pT)) in the form 

HX)Q, Qe{X)] = 2e(X)a"e(X)p™, (97) 

which says that the product of two supersymmetry transformations corresponds to a translation in space-time of 
which the four momentum pm is the generator. Similar to the results of subsection F, the multiplication of two local 
successive transformations induces the motion 



g(0, e{X), e{X)) n{X"\ 9, 6) — > (X" + iea"' e{X) - i e{X) cr" 9, 6 -I- e(X), 9 -I- e(X)), 

and, in accord, the transformation (|40|) is expected to be somewhat of the form 

[Se.ix), S,,t^x)]V ^ ei{X)a^e2{X)dAV, (99) 

that differ from point to point, namely this is the notion of a general coordinate transformation. Whereupon we see 
that for the local MS-SUSY to exist it requires the background spaces (M21 -^^4) ^'^ tie curved. Thereby, the space 
M4, in order to become on the same footing with the distorted space M21 refers to the accelerated proper reference 
frame of a particle, without relation to other matter fields. A useful guide in the construction of local superspace 
is that it should admit rigid superspace as a limit. The reverse is also expected, since if one starts with a constant 
parameter e (|36p and performs a local Lorentz transformation, then this parameter will in general become space-time 
dependent as a result of this Lorentz transformation. The mathematical structure of the local MS-SUSY theory has 
much in common with those used in the geometrical framework of standard supergravity theories. In its simplest 
version, supergravity was conceived as a quantum field theory whose action included the Einstein- Hilbert term, where 
the graviton coexists with a fermionic field called gravitino, described by the Rarita-Scwinger kinetic term. The two 
fields differ in their spin: 2 for the graviton, 3/2 for the gravitino. The different 4D = 1 supergravity multiplets 
all contain the graviton and the gravitino, but differ by their systems of auxiliary fields. For a detailed discussion we 
refer to the papers by [Uli 0; 0j 0" 21 1- These fields would transform into each other under local 



supersymmetry. We may use the usual language which is almost identical to the vierbien formulation of GR with 
some additional input. In this framework supersymmetry and general coordinate transformations are described in a 
unified way as certain diffeomorphisms. The motion (j98p generates the super-general coordinate reparametrization 



(100) 
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where (z) arc arbitrary functions of z. The dynamical variables of superspace formulation are the frame field 
i?'^(z) and connection fl. The superspace (z*^, O, 6) has at each point a tangent superspace spanned by the frame 
field E^{z) — dz'^' Ej^{z), defined as a 1-form over superspace, with coefficient superfields, generalizing the usual 
frame, namely supervierbien Ej^f{z). Here, we use the first half of capital Latin alphabet A,B,. . . to denote the 
anholonomic indices related to the tangent superspace structure group, which is taken to be just the Lorentz group. 
The formulation of supergravity in superspace provides a unified description of the vierbein and the Rarita-Schwinger 
fields. They are identified in a common geometric object, the local frame E^(z) of superspace. Covariant derivatives 
with respect to local Lorentz transformations are constructed by means of the spin connection, which is a 1-form 
in superspace as well. Here we shall forbear to write the details out as the standard theory is so well known. The 
super- vierbien Ej^/^ and spin- connection fl contain many degrees of freedom. Although some of these are removed by 
the tangent space and supergeneral coordinate transformations, there still remain many degrees of freedom. There is 
no general prescription for deducing necessary covariant constraints which if imposed upon the superfields of super- 
vierbien and spin-connection will eliminate the component fields. However, some usual constraints can be found using 
tangent space and supergeneral coordinate transformations of the torsion and curvature covariant tensors, given in 
appropriate super-gauge. Together with other details of the theory, they can be seen in the textbooks, see e.g. 
[l3|. The final form of transformed super- vierbien, can be written as 



Ea (^)|e=e=o^ 



f^riiX) h^^TiX) \i,ra6.[X) 

(5^ 

V j;^ 



(101) 



where the fields of graviton and gravitino jV'rrf: j'4'rha cannot be gauged away. Provided, we have 

ea"ei=4, ^a'' = e^^rff-^^^, V^a/, = e>^™^<5^. (102) 

The tetrad field e^{X) plays the role of a gauge field associated with local transformations. The Majorana type 
field \4'rh is the gauge field related to local supersymmetry. These two fields belong to the same supergravity 
multiplet which also accommodates auxiliary fields so that the local supersymmetry algebra closes. Under infinitesimal 
transformations of local supersymmetry, they transformed as 

etc., where M4 and ba are the auxiliary fields, and C"(^) = C"(^), C"{z) = C"(^) and C{z) = 2i[ea^C{X) - 
C(X)(T°8]. The chiral superfields are defined as = 0, therefore, the components fields are 

which carry Lorentz indices. Under infinitesimal transformations of local supersymmetry, they transformed as 

= -V2 Ca-F - iV2aJC^VaA, (105) 

where I?a is, so-called, super-covariant derivative 

A^c = e-"(I?™^„ - ^Vma^ - 754f2^a4-4). 

The graviton and the gravitino form thus the basic multiplet of local MS-SUSY, and one expects the simplest locally 
supersymmetric model to contain just this multiplet. The spin 3/2 contact term in total Lagrangian arises from 
equations of motion for the torsion tensor, and that the original Lagrangian itself takes the simpler interpretation of 
a minimally coupled spin (2, 3/2) theory. 



VII. INERTIAL EFFECTS 



We would like to place the emphasis on the essential difference arisen between the standard supergravity theories 
and some rather unusual properties of local MS-SUSY theory. In the framework of the standard supergravity theories. 
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as in GR, a curvature of the space-time acts on all the matter fields. The source of graviton is the energy-momentum 
tensor of matter fields, while the source of gravitino is the spin-vector current of supergravity. In the local MS- 
SUSY theory, unlike the supergravity, a curvature of space-time arises entirely due to the inertial properties of the 
Lorentz- rotated frame of interest, i.e. a fictitious gravitation which can be globally removed by appropriate coordinate 
transformations. This refers to the particle of interest itself, without relation to other matter fields. The only source of 
graviton and gravitino, therefore, is the acceleration of a particle, because the MS-SUSY is so constructed as to make 
these two particles just as being the two bosonic and fermionic states of a particle of interest in the curved background 
spaces M4 and M21 respectively, or vice versa. Whereas, in order to become on the same footing with the distorted 
space M_2, the space M4 refers only to the accelerated proper reference frame of a particle. With these physical 
requirements, a standard Lagrangian consisted of the classical Einstein-Hilbert Lagrangian plus a part which contains 
the Rarita-Schwinger field and coupling of supergravity with matter superfields evidently no longer holds. Instead 
we are now looking for an alternative way of implications of local MS-SUSY in the model of accelerated motion and 
inertial effects. For example, we may with equal justice start from the reverse, which as we mentioned before is also 
expected. If one starts with a constant parameter e (j36p and performs a local Lorentz transformation, which can only 

be implemented if MS and space-time are curved (deformed/distorted) (M2, M4), then this parameter will in general 
become space-time dependent as a result of this Lorentz transformation, which readily implies local MS-SUSY. In 
going into practical details of the realistic local MS-SUSY model, it remains to derive the explicit form of the vierbien 
e^{g) = (e^(p), e„f(£i)), which describes fictitious graviton as a function of local rate g{r],m,f) of instantaneously 
change of the velocity i;^*^ of massive (m) test particle under the unbalanced net force (/). At present, unfortunately, 
we cannot offer a straightforward recipe for deducing the alluded vierbien e^{g) in the framework of quantum field 
theory of MS-supergravity. However, recently it was derived by [1] in the framework of classical physics. Together 
with other usual aspects of the theory, this illustrates a possible solution to the problems of inertia behind spacetime 
deformations. Thereby it was argued that a deformation/ (distortion of local internal properties) of is the origin 
of inertia effects that can be observed by us. Consequently, the next member of the basic multiplet of local MS-SUSY 
-fictitious gravitino, ^^{g), will be arisen under infinitesimal transformations of local supersymmetry (|103[) . provided 
by the local parameters C^(a) ([TOIH) . 



A. The general space-time deformation/distortion of MS 

For the self-contained arguments we first review of certain essential theoretical aspects of a general distortion of 
local internal properties of MS formulated in the framework of classical physics. There was no need for a major 
revision of the topic but we have taken the opportunity to make one improvement. That is, we show how this recovers 
the world-deformation tensor fi, which still has to be put in Q by hand. To start with, let V_2 he 2D semi-Riemann 
space, which has at each point a tangent space, Tfiy_2, spanned by the anholonomic orthonormal frame field, e, as 
a shorthand for the collection of the 2-tuplet (e(+), e(_)), where ea = e-— e^, with the holonomic frame is given as 
6/^ = d^. Here, we use the first half of Latin alphabet a,b,c, ... = (±) to denote the anholonomic indices related to 
the tangent space, and the letters n,v_ = (±) to denote the holonomic world indices related either to the space V_2 or 
M_2- All rnagnitudes referred to the space, V_2, will be denoted with an over ' " '. These then define a dual vector, 1?, 

of differential forms, ^ — ( ^(-) j , as a shorthand for the collection of the d = e i?-^, whose values at every point 

form the dual basis, such that Ca \ — 5\, where J denoting the interior product, namely, this is a C°°-bilinear map 
J : — fi" with denotes the C°°-modulo of differential p-forms on y_2. In components e.-e^^ = 5\. On the 

manifold, V_2, the tautological tensor field, id, of type (1,1) can be defined which assigns to each tangent space the 
identity linear transformation. Thus for any point f] ^ V_2, and any vector ^ G TfiV_2, one has id{£^) — ^. In terms 
of the frame field, the 'd°' give the expression for id as id = ed — e(_|_) ® 1?^+^ + e(_) (g) ■d''~\ in the sense that both 

sides yield ^ when applied to any tangent vector ^ in the domain of definition of the frame field. We may consider 
general transformations of the linear group, GL{2, R), taking any base into any other set of four linearly independent 
fields. The notation, {eg, v}, will be used below for general linear frames. The holonomic metric can be defined in 
the semi-Riemann space, U21 as 



g = g^, d!L®§!^ = g{e^, 6,) ® 



(107) 
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with components, = ^(e^,e,y) in the dual holonomic base {■!?—}■ The anholonomic orthonormal frame field, e, 
relates g to the tangent space metric, *o.g, by *Ogg = g{ea, eg) = e-- e^-, which has the converse = *o^f^ e''j^ 

because of the relation e^— e"j^ = 6^7. A distortion of local internal properties of MS comprises then two steps. 

1) The linear frame (e^; at given point {p S Mj) is undergone the distortion transformations conducted by 
{D, Y) and {D, Y), relating respectively to y_2 and Mt, , which may be recast in the form 

e^ = Dfe^, d!±=Y^di2^, e^= Dfe^, m^Y0^. (108) 

2) The norm di) = id of the infinitesimal displacement drj^ on the general smooth differential 2D- manifold A^2 can 
then be written in terms of the space-time structures of V2 and M2 as 

id = ei? = J7/e^(g)7?^ = rj^'^ea«)# = e^(g)7?i^=ea®i?" = f^J^e„® e (109) 

where e = {ca ~ e.-e^} is the frame field and ■& — — e"^ z?-^} is the coframe field defined on Mj, such that 
ea J = <5a- Hence the anholonomic deformation tensor 51- ° = tt-" tt- = ilj^ e""^ e-- yields local tetrad deformations 

e£ = 7r/ea, r = 7r\#, e z9 = ea = ea ® (110) 

The matrices 77(77) • — ("""g")!^ ^'I'S referred to as the first deformation matrices and the matrices Jg^ijj) — 
*Ogg 7r.°(?7) 7rj''(r)}, - second deformation matrices. The matrices 7r°-(r7) G GL{2, R)yrj, in general, give rise to 
right cosets of the Lorentz group, i.e. they are the elements of the quotient group GL{2, R)/ SO{l,l), because the 
Lorentz matrices, A^, (r, s = 1,0) leave the Minkowski metric invariant. A right-multiplication of Tr(jf} by a Lorentz 
matrix gives an other deformation matrix. So, all the fundamental geometrical structures on deformed/distorted MS 
in fact - the metric as much as the coframes and connections - acquire a deformation/distortion induced theoretical 
interpretation. If we deform the tetrad according to (jllO[) . in general, we may recast metric as follows: 

g = *o-g7r"g7r^r ® = 7-^^ ® = *o-g79° (g) §K (111) 

The deformed metric can be split as 

<?Mii(vr) = T^tt) g^, + 7^,(^), (112) 

where T(7r) = tt?, and 

7Mi.W = hah - '^H^) *Oas] (113) 



B. Model building in the 4D background Minkowski space-time 

Here we briefly discuss the RTI in particular case when the relativistic test particle accelerated in the background 
flat M4 space under an unbalanced net force other than gravitational, but we refer to the original paper by '4| for 
more details. To make the remainder of our discussion a bit more concrete, it proves necessary to provide, further, 
a constitutive ansatz of simple, yet tentative, linear distortion transformations of the basis e„j (U) at the point of 
interest in flat space which can be written in terms of local rate g{r],m,f) of instantaneously change of the 
measure v"^ of massive (m) test particle under the unbalanced net force (/) [4|: 

£(+)(£') = £'(|^(e)e^ = e(+) - £»(??, m, /) w^^^ £(_), 
e(l)(e) = D^Z](^)e^ = + g{v,m, f) v^+^ Cf^^^, 

Clearly, these transformations imply a violation of relation ^ (e^(f?) 7^ 0) for the null vectors e^. Whereas we 
simplify distortion matrices for further use by imposing the constraints 

Df^Df, Y^^b^, (115) 
which yields the partial local tetrad deformations 

ea^ea, ^ = 17^-1?^ e = ea ® = ^2°^ ea ® (116) 
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The relation ([6]) now can be rewritten in terms of space-time variables as 

id — ed = dq ^e^® dt + eq® dq, 
where cq and Cq are, respectively, the temporal and spatial basis vectors: 



(117) 



(118) 



Hence, in the framework of the space-time deformation/distortion theory [J], we can compute the general metric 
g ([TTT]) in M2 as 



provided 



5ii 



gfs d(f (E) dq'' 



m = 5oi 



(119) 



(120) 



We suppose that a second observer, who makes measurements using a frame of reference 5'(2) which is held stationary 
in curved (deformed/distorted) master space A^2, uses for the test particle the corresponding space-time coordinates 
cf {{cp, q^) = (i, g) ) . The very concept of the local absolute acceleration (in Newton's terminology) is introduced 



by 1^, brought about via the Fermi- Walker transported frames as 



- ^1 V2ds„ ~ 



^9 I ds 



e, |a|. 



(121) 



Here we choose the system 8(^2) in such a way as the axis Cq lies along the net 3-acceleration (eq||ea), {ca = 
<inet / \<inet\) , o,net IS thc local net S-accclcration of an arbitrary observer with proper linear 3-acceleration a and proper 
3-angular velocity uj measured in the rest frame: dnet — ^ — ^ ^ u + uj x u, where u is the 4- velocity. A magnitude 
of dnet can be computed as the simple invariant of the absolute value |^| as measured in rest frame: 



I — I 

I ds I 



f du^ dui \ 
\ds ^ ds J 



1/2 



(122) 



Also, following |32l,l33|. we define an orthonormal frame ea, carried by an accelerated observer, who moves with proper 
linear 3-acceleration and a(s) and proper 3-rotation lu{s). Particular frame components are ea, where a = 0, 1, etc. 
Let the zeroth leg of the frame eg be 4- velocity u of the observer that is tangent to the worldline at a given event 
x\s) and we parameterize the remaining spatial triad frame vectors ej, orthogonal to eg, also by (s). The spatial 
triad rotates with proper 3-rotation w(s). The 4- velocity vector naturally undergoes Fermi- Walker transport along 
the curve C, which guarantees that 65(3) will always be tangent to C determined by x' = x'{s): 



de^ 
ds 



(123) 



where the antisymmetric rotation tensor $ splits into a Fermi- Walker transport part pw and a spatial rotation part 



ilk 



(124) 



The 4-vector of rotation a;' is orthogonal to 4- velocity u', therefore, in the rest frame it becomes a;'(0, w), and e" 
is the Levi-Civita tensor with e'^i^s _ resulting metric (I119p is reduced to 

dPq^^-'{-Q)dsl ^l{-Q)^l+t,t^v-'Q', v^ = v(+h^~\ g = V2 J^' lalds'q. 
Combining (^51) and (|12ip . we obtain 



1.1k 



(125) 



Q = 



aso dSn 



where 7^ = (1 — v'^) The resulting inertial force f{in) is computed by Q as 

hn) = -niTU9)§-§- 



(126) 



(127) 
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Whereupon, in case of absence of rotation, the relativistic inertial force reads 

fin) = (7- 1)^,^^]. (128) 

Note that the inertial force arises due to nonlinear process of deformation of MS, resuhing after all to linear relation 
(|128p . So, this also ultimately requires that MS should be two dimensional, because in this case we may reconcile 
the alluded nonlinear and linear processes by choosing the system S'(2) in only allowed way mentioned above. At low 
velocities Vq ~ ~ and tiny accelerations we usually experience, one has ^{'g) — 1, therefore the (|128p reduces to 
the conventional non-relativistic law of inertia 

/(•m) = -moabs = -F. (129) 

At high velocities Vq ~\v\~\ (il(g) ~ 1), if [v ■ F) ^ 0, the inertial force ()128p becomes 

--16,(6-, -F), (130) 

and it vanishes in the limit of the photon {\v\ = 1, m = 0). Thus, it takes force to disturb an inertia state, i.e. to 
make the absolute acceleration {dabs 7^ 0). The absolute acceleration is due to the real deformation/distortion of the 
space M^2- The relative {d{T2g)/dsq — 0) acceleration (in Newton's terminology) (both magnitude and direction), to 
the contrary, has nothing to do with the deformation/distortion of the space M_2 and, thus, it cannot produce an 
inertia effects. 



C. Beyond the hypothesis of locality 

In SR an assumption is required to relate the ideal inertial observers to actual observers that are all noninertial, 
i.e., accelerated. Therefore, it is a long-established practice in physics to use the hypothesis of locality [33j-[4l|). 
for extension of the Lorentz invariance to accelerated observers in Minkowski space-time. The standard geometrical 
structures, referred to a noninertial coordinate frame of accelerating and rotating observer in Minkowski space-time, 
were computed on the base of the assumption that an accelerated observer is pointwise inertial, which in effect 
replaces an accelerated observer at each instant with a momentarily comoving inertial observer along its wordline. 
This assumption is known to be an approximation limited to motions with sufficiently low accelerations, which works 
out because all relevant length scales in feasible experiments are very small in relation to the huge acceleration lengths 
of the tiny accelerations we usually experience, therefore, the curvature of the wordline could be ignored and that the 
differences between observations by accelerated and comoving inertial observers will also be very small. However, it 
seems quite clear that such an approach is a work in progress, which reminds us of a puzzling underlying reality of 
inertia, and that it will have to be extended to describe physics for arbitrary accelerated observers. Ever since this 
question has become a major preoccupation of physicists, see e.g. '35']-[4J] and references therein. The hypothesis of 
locality represents strict restrictions, because in other words, it approximately replaces a noninertial frame of reference 
S'(2), which is held stationary in the deformed/distorted space M2 = ¥^2'' {g 7^ 0), with a continuous infinity set of 
the inertial frames {5(2), S'^2)^ '^(2)'---} given in the flat Af o [g — In this situation the use of the hypothesis of 
locality is physically unjustifiable. Therefore, it is worthwhile to go beyond the hypothesis of locality with special 
emphasis on distortion of M2 {Mj2 — ^ Y^i')^ which we might expect will essentially improve the standard results. 
The notation will be slightly different from the previous subsection. We now denote the orthonormal frame ea (jl23l) , 
carried by an accelerated observer, with the over ^ breve'' such that 

ea = e^~e;. = e'ie,„ = eJ'^^' = e , (131) 

with ~ dfj, = d/dxf^, = 9^ = z?'' = dx'^, i?^ = dx. Here, following [s^, [11], we introduced a 

geodesic coordinate system - "coordinates relative to the accelerated observer" (laboratory coordinates), in the 

neighborhood of the accelerated path. The coframe members are the objects of dual counterpart: eaj i?'' = S^- 
We choose the zeroth leg of the frame, eg, as before, to be the unit vector u that is tangent to the worldline at a 
given event x'^{s), where (s) is a proper time measured along the accelerated path by the standard (static inertial) 
observers in the underlying global inertial frame. The condition of orthonormality for the frame field e^- reads 
?y/ii/ e'^. e = o-jj = diag{^ ). The antisymmetric acceleration tensor <^ab (36|-j43j is given by 



■ ^fi ds '^M ^ a " J ^ o 1 



(132) 
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provided f = f dx^, where TJl^ is the metric compatible, torsion- free Levi-Civita connection. According to (|123p 
and (jl24p . and in analogy with the Faraday tensor, one can identify — ^ with a(s) as the transla- 

tional acceleration $oi = — a^, and uj{s) as the frequency of rotation of the local spatial frame with respect to a 
nonrotating (Fermi- Walker transported) frame — —eijk UJ^. The invariants constructed out of establish the 
acceleration scales and lengths. The hypothesis of locality holds for huge proper acceleration lengths |/|^^/'^ ^ 1 and 



-1/2 



^ 1, where the scalar invariants are given by / = (1/2) 



ab 



-bp and r = (1/4) 



ab 



(*^a6 " ^abcd^'^''') |36l - l41j . Supposc the displacement vector z^{s) represents the position of the accelerated observer. 
According to the hypothesis of locality, at any time (s) along the accelerated worldline the hypersurface orthogonal to 
the worldline is Euclidean space and we usually describe some event on this hypersurface (" local coordinate system" ) 



at to be at ^ where and x^ are connected via s° = s and 



(133) 



Let q^{q^ 1 q^) be "coordinates relative to the accelerated observer" in the neighborhood of the accelerated path in 
M_2, with space-time components implying 



dif'^—dx'^, dq^ — \dx\, e — 



dx 
\d$\ ' 



e ■ e — 1. 



(134) 



As long as a locality assumption holds, we may describe, with equal justice, the event at x^ ()133p to be at point q^ , 
such that x^ and q^, in full generality, are connected via q^ — s and 



a;'' = z,^(.s)+gi/?^i(s), 



(135) 



where the displacement vector from the origin reads dz'^{s) — fH^^dq^, and the components fS^- can be written in 
terms of e''-. Actually, from (jl33l) and (I135P we may obtain 

dxt" = dz^is) + dq^^'\{s) + q^ d'p'^iis) = fe'i(l-t-qVo)+^''i9Vll dq"^ +^'\dq^ 



dx 



, ttM 



e ~ dx^, 



(136) 



= dz^'{s) + dx ' e'^^is) + x' de'^^is) = e'i(l + .t*$^) + e^. x^^^) 
where df3^^{s) is written in the basis as d/^^j = ((^o/^'g + 'PiP\)dq^ ■ The equation ()136p holds by identifying 

(l-|-gi(^o) =e^g(l + £*$^) , 'P\q^^i = e^x'<^l, P^'^dq^ =e''.dx\ (137) 



Choosing /3 = e , we have then 



9^0 



q 'Pi 



(138) 



with ^ = (5^ . Consequently, (|136p yields the standard metric of semi-Riemannian 4D background space m 
noninertial system of the accelerating and rotating observer, computed on the base of hypothesis of locality: 

dx° (g) dx°- 



g — rj^u dx^^ ® dx" = {I + a - x)^ + (w • x)^ — (w • cj)(£ • x) 
2 {lj A x) ■ dx (E) dxf — dx ® dx, 



(139) 



This metric was derived by 34] and [35], in agreement with [45| -[47| (see also |36l - l41| ). We see that the hypothesis 
of locality leads to the 2D semi-Riemannian space, l£^2^ with the incomplete metric g {g = 0): 



g [(1 + ^ Vo)^ - (g Vi)^] dq" ®dq° -2 {q^(fi)dq^ (g) dq° ~ dq^ (E)dq^, 



(140) 



Therefore, our strategy now is to deform the metric (|140p by carrying out an additional deformation of semi 



Riemannian 4D background space 

metric g {g 0) (|119p of the distorted space = V}2' ■ Let the Latin letters f, s, ... = 0, 1 be the anholonomic 
indices referred to the anholonomic frame Cf = e^f ds, defined on the V^2^\ with ds — d/dq" as the vectors tangent to 
the coordinate lines. So, a smooth differential 2D-manifold v}§^ has at each point a tangent space TqV^2 \ spanned 
by the frame, {e^}, and the coframe members i?'" = ej' dq'^ , which constitute a basis of the covector space rt]/'f\ All 



Mi = V4 , in order it becomes on the same footing with the complete 

(e) 
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this nomenclature can be given for V^2°^ too. Then, we may compute corresponding vierbein fields e^* and e,.*' from 
the equations 



grs = e/' e/ o~,-,, gfs{g) = e/' (g) e/ (g) o~,-,, 
with grs (|140p and gpsig) (|120p . Hence 

^ 1 + a ■ X, Cq^ — oj a X, 6]^" = 0, = 1, 



(141) 



(142) 



Since a distortion — > M-2 ™^^y affect only the M2-part of the components (3^-, without relation to the 4D 
background space-time part, therefore, a deformation V^^'' — > V^^'^ is equivalent to a straightforward generalization 

P% — > P^f^g)^ where 



n{g) = E,^{g)P% E.^ie): =e%{g)e,f. 



(143) 



Consequently, the (jl43p gives a generalization of ()133p as 



xl,=z';As)^x^e^As), 



(144) 



provided, as before, x'^ denotes the coordinates relative to the accelerated observer in 4D background space V^^\ and 
according to (|137p . we have 

e'-^ig) = P%{g), e^^{g) = /?^(e) e-\ (145) 

A displacement vector from the origin is then dz'^{s) — e^^{g)dxP^ Combining (|143p and (|145p . and inverting e^^{g) 
P42p . we obtain e^^{g) = 7rg^(gi) e^g, where 

7r6(^.) ^ (1 + |^)-i(l - ^) (1 + a • £), 4(£<) ^ -(1 + ^Y'^.e^ (1 + 5 • £), 
^f(^,)^(l + 4)-i[(^Af)(l-^)-^] ej\ 74ig)Jdin{g), 
<g)^ii + ^V' [(-A£)^ + l + ^ 



(146) 



Thus, 



where 



d< = (i^^(s) + * e 't + i Me (s) = (r^ + tt? dx *) e , 



(147) 



(148) 



Hence, in general, the metric in noninertial frame of arbitrary accelerating and rotating observer in Minkowski space- 
time is 



gig) = '7m'' dxi^ (g) dx^g = W^,^{g) dx'' (g> dx" , 
which can be conveniently decomposed according to 

Woo(£') = 7i"2 {1 + d ■ x f + (uj ■ x)"^ - (uj ■ uj){x ■ x) +7oo(£'), 
Wotig) = -TT^ (w A xY + -foiig), W^jig) = -vr^ (5„- -|- -f^J{g), 



(149) 



(150) 



and that 



7oo(^') = vr [(l + a.£)C°-(cJA£)-C] +(C°)'-(C)', 7o^(^') = C + r° 4, 



(151) 
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As we expected, according to (|149p - (|15ip . the matric g(g) is decomposed in the form of (|112[) : 

9{Q)=7r^g)g + j{g), (152) 

where -f{g) = ^^j.v{g) dsf^ ® dx^ and T{g) — 7r?(p) = 7r(p). In general, the geodesic coordinates are admissible as long 
as 

(l + ^.^+Ciy > (c^A£ + §)'. (153) 

The equations (|139p and ()149l) say that the vierbein fields, with entries Vt^ve'^^e'^i^ — o^i and rj^^ ^^d^^i — lab ^^^^ 
the relations 

g = o-gi?"(^#, g = o.gi9'^(g)# = 7.gi9"0i9^ = (17-^r2-'*'ogj)i?'^(8)#, (154) 
and that l|136p and (|147p readily give the coframe fields: 

where = N = {l + a ■ , Nf = = N' = {q -i^ , Nf = 51. In the standard (3 + l)-decomposition of 

space-time, N and iV* are known as lapse function and shift vector., respectively j48j . Hence, we may easily recover 
the frame field ea = e^^ = '^a'' % inverting (|155p : 



e-fol = :M en 



f \ is) _ 1 / \ 



(156) 



A generalized transport for deformed frame Cq, which includes both the Fermi- Walker transport and distortion of Mq. 
can be written in the form 



^-'J'.'e^, (157) 

where a deformed acceleration tensor ^J' concisely is given by 

$ = 1^ +7r$7r-i. (158) 

Thus, we derive the tetrad fields e^*(g) (|142[) and e'^^{g) (|156p as a function of /oca^ rate g of instantaneously change 
of a constant velocity (both magnitude and direction) of a massive particle in M4 under the unbalanced net force, 
describing corresponding fictitious graviton. Then, the fictitious gravitino, ip^{g), will be arisen under infinitesimal 
transformations of local supersymmetry (|103l) . provided by the local parameters (a) (llOOp . 



D. Involving the background semi-Riemann space V4; Justification for the introduction of the WPE 

We can always choose natural coordinates X°'{T, X,Y, Z) — (T, X) with respect to the axes of the local free-fall 
coordinate frame sj^"^ in an immediate neighbourhood of any space-time point (xp) € V4 in question of the background 
semi- Riemann space, V4, over a differential region taken small enough so that we can neglect the spatial and temporal 
variations of gravity for the TcLnge involv6d. Xlie va,lu6S of th.6 metric tensor Q^i/ and the afhne connection T^^ at 
the point (xp) are necessarily sufficient information for determination of the natural coordinates X°'(x^) in the small 
region of the neighbourhood of the selected point [4§|. Then the whole scheme outlined in the previous subsections 
(a) and (b) will be held in the frame The general inertial force computed by Q reads 

f, ^_ maats _ g/ I fa dX°' per dxj^ dx" I (MiQ) 

Whereas, as before, the two systems 6*2 and sf^ can be chosen in such a way as the axis Cq of 5'(2) lies (e^ = Cf) along 
the acting net force / = f{i)+fg(i) , while the time coordinates in the two systems are taken the same, = t — X'^ = T. 
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Here /(;) is the SR value of the unbalanced relativistic force other than gravitational and /^(j) is the gravitational force 
given in the frame Despite of totally different and independent sources of gravitation and inertia, at /^"^ — 0, the 
P59p establishes the independence of free-fall (tig = 0) trajectories of the mass, internal composition and structure 
of bodies. This furnishes a justification for the introduction of the WPE. A remarkable feature is that, although the 
inertial force has a nature different than the gravitational force, nevertheless both are due to a distortion of the local 
inertial properties of, respectively, 2D M2 and 4D-background space. 



E. The inertial effects in the background post Riemannian geometry 

If the nonmetricity tensor N\f^i, — —'Dx gp.u = — .9/ji/;A does not vanish, the general formula for the affine connection 
written in the space-time components is (50i] 

o 

where the metric alone determines the torsion-free Levi-Civita connection F '',,„, K'^' , : = 2Q, f + ,, is the non- 
Riemann part - the affine contortion tensor. The torsion, Q'' = jT'^^^ = ^'^[^i^] given with respect to a holonomic 
frame, di?'' = 0, is a third-rank tensor, antisymmetric in the first two indices, with 24 independent components. We 
now compute the relativistic inertial force for the motion of the matter, which is distributed over a small region in 
the 6^4 space and consists of points with the coordinates , forming an extended body whose motion in the space, 
f4, is represented by a world tube in space-time. Suppose the motion of the body as a whole is represented by an 
arbitrary timelike world line 7 inside the world tube, which consists of points with the coordinates X'^(r), where r is 
the proper time on 7. Define 

5x^'=x^'-X^\ fe" = 0, u^'^^. (161) 
The Papapetrou equation of motion for the modified momentum ([EOl-lE^) is 

= -I ^ Vp J'" ' \ N,,, K^"^-- ^ (162) 

where K'^^ is the contortion tensor, 

= + ^ r /p (w'' J"" + N''^'P) - K^p^ N^P° (163) 

is referred to as the modified 4-momentum, = J t^^ dil is the ordinary 4-momentum, dJ7 := dx^, and the following 
integrals are defined: 

Af MP = u° Jr^Pdn, MP^P = / 5x^' t^p dVL, N^^p = u° / sP^'p dQ, 

= / [SxP- tP° - SxP tP° + sPP°)dn = :^{-MPP° + MPP° + NPP°), ^ ' 

where tPp is the energy-momentum tensor for particles, sP'^p is the spin density. The quantity Jpp is equal to 
J{5xPt''^ — 5xP -f sPP^)dS\ taken for the volume hypersurface, so it is a tensor, which is called the total spin 
tensor. The quantity NP'^p is also a tensor. The relation Sx'^ — gives M'^^p = 0. It was assumed that the dimensions 
of the body are small, so integrals with two or more factors 5xP multiplying t'^p and integrals with one or more factors 
5xP multiplying s^P'^ can be neglected. The Papapetrou equations of motion for the spin ((50|-[53j ) is 

A jAi. ^yUQX _ 0,. ^_ jyi^t^p ^ 1 ^t^vp _ j^u^^ j^Xpp _ 1 j^^^^i. ^MPA. (165) 

Computing from (|162p . in general, the relativistic inertial force, exerted on the extended spinning body moving in the 
RC space t/4, can be found to be 



± fa _ dX" 

mJ{i) a.^^ L - (166) 
^ r {u'' JP"" + N^^'P) - ^ K,P N-P^ + \ R .FP + i N^px K'^"^-- ^ 
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VIII. CONCLUDING REMARKS 



We present a standard Lorentz code of motion in a new perspective of supersymmetry. In this, we explore the 
intermediate, so-cahed, motion state for a particle moving through the two infinitesimally closed points of original 
space. The Schwinger transformation function for these points is understood as the successive processes of annihilation 
of a particle at initial point and time, i.e. the transition from the initial state to the intermediate motion state, and 
the creation of a particle at final point and time, i.e. the subsequent transition from the intermediate motion state 
to the final state. The latter is defined on the master space, MS (= M2), which is prescribed to each particle, 
without relation to every other particle. Exploring the rigid double transformations of MS-SUSY, we derive SLC as 
the individual code of a particle in terms of spinors referred to MS. This allows to introduce the physical finite time 
interval between two events, as integer number of the duration time of atomic double transition of a particle from M4 
to M2 and back. The theories with extended Nmax — 4 supersymmetries, as renormalizable flat-space field theories, if 
only such symmetries are fundamental to nature, lead to the model of ELC in case of the apparent violations of SLC, 
the possible manifestations of which arise in a similar way in all particle sectors. We show that in the ELC-franiework 
the propagation of the superluminal particle could be consistent with causality, and give a justification of forbiddance 
of Vavilov-Cherenkov radiation/or analog processes in vacuum. In the framework of local MS-SUSY, we address the 
inertial effects. The local MS-SUSY can only be implemented \i M.2 ^-^id M4 are curved (deformed). Whereas the 
space M4, in order to become on the same footing with the distorted space M^2^ refers to the accelerated reference 
frame of a particle, without relation to other matter fields. So, unlike gravitation, a curvature of space-time arises 
entirely due to the inertial properties of the Lorentz-rotated frame of interest, i.e. a fictitious gravitation which can 
be globally removed by appropriate coordinate transformations. The only source of graviton and gravitino, therefore, 
is the acceleration of a particle, because the MS-SUSY is so constructed as to make these two particles just as being 
the two bosonic and fermionic states of a particle of interest in the background spaces M4 and M.2^ respectively, 
or vice versa. Therefore, a coupling of supergravity with matter superfields evidently is absent in resulting theory. 
Instead, we argue that a deformation/ (distortion of local internal properties) of MS is the origin of inertia effects that 
can be observed by us. In the framework of classical physics we briefly discuss the model of inertia effects and go 
beyond the hypothesis of locality. This allows to improve essentially the relevant geometrical structures referred to the 
noninertial frame in Minkowski space-time for an arbitrary velocities and characteristic acceleration lengths. Despite 
the totally different and independent physical sources of gravitation and inertia, this approach furnishes justiflcation 
for the introduction of the WPE. Consequently, we relate the inertia effects to the more general post-Riemannian 
geometry. 
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